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WATER PLANT OPTIMIZATION STUDY 
BELLEVILLE WATER TREATMENT PLANT 


SUMMARY OF FINDINGS AND RECOMMENDATIONS 


The purpose of the Water Plant Optimization Study (WPOS) is to document and 
review the present conditions and determine an optimum treatment strategy for 
contaminant removal at the plant, with emphasis on the removal of particulate 
materials and the disinfection processes. 


In striving for excellence in water treatment, it is important to examine all 
possible approaches, but first, optimum use should be made of the processes 
already in place. 


This optimization study is a beginning and not an end to itself; it is the start 
of an ongoing documentation of the operation of the plant. It is recommended 
that this document be updated on an annual basis. 


The Belleville Water Treatment Plant draws raw water from the Bay of Quinte, 
which experiences its worst water quality during the summer months when high 
algae counts and accompanying taste and odours occur. In recent years, the 
algae problem has lessened, but during the summer months, the raw water odours 
exceed a Threshold Odour Number (TON) of 200, and the treated water typically 
ranges from 20 to 50 TON. In the long-term best interest of the community, this 
drinking water taste and odour condition should be rectified. The overall 
operation of the Belleville plant is quite good, as it consistently produces 
water with a turbidity of less than 1.0. 


In an effort to optimize particulate removal and disinfection at the Belleville 
Plant, this study has identified the following recommendations, recognizing that 
extensive renovations are to be undertaken shortly. 


PHYSICAL IMPROVEMENTS 
° Convert flocculation tanks to bottom entry 


° Replace transmitters and recorders on two treated water meters 


STUDIES 

© Establish the life of the raw water flow meter 

Q Evaluate the merits of a streaming current monitor 

Q Conduct laboratory and plant-scale testing on the use of coagulant aids 

° Conduct plant scale studies on the effects of flow rate on the flocculation 
tank performance 

OTHER RECOMMENDATIONS 


° The Ministry of the Environment should develop a surrogate measurement for 
chlorinated by-products for use in water plants in Ontario. 


* Develop technology and management strategies, especially in the areas of: 
- record keeping 
- filter operation 


- filter media characterization 
- plant maintenance 


A number of major capital improvements are scheduled for the plant, as outlined 
in the November 1986 Gore & Storrie report, entitled "Belleville Water 
Purification Planning Study". The following areas of concern were identified: 
° Equipment in serious need of replacement, including: 

- most valves throughout the plant 

- most valve operators 

- travelling water screen 

- chlorinators 

- instrumentation 

- control systems 

- heating system 


° Insufficient capacity in microstrainers - bypased when rates exceed 22.7 
ML/d 


* Crowded chemical storage facilities 

+ Deterioration of concrete in various areas 

° Inadequate laboratory/office/staff facilities 
+ High noise levels 

Q Corrosion of equipment and piping 


° Deterioration in the buildings 


Since most of the long-term development plans would take 3 to 5 years to 
complete, the report suggested that the following items be  addressed 
immediately: 

. Replacement of chlorinators and associated monitoring equipment 

Q Replacement of chemical metering pump controls and some metering pumps 

° Modifications and/or replacement of flow measuring equipment 

° Modifications or replacement of low lift pump and/or engine 

* Modifications and/or replacement of filter control valves and operators 

° Rehabilitation or replacement of outside sump building and sump pump 

* Repair or replacement of roofing on microstrainer building 

. Repair leaks in walls of clearwell 


Q Repair concrete inlet/outlet chambers in settling tanks/mixing tanks 
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WATER PLANT OPTIMIZATION STUDY 
BELLEVILLE WATER TREATMENT PLANT 


TERMS OF REFERENCE 


The terms of reference for this report are included at the back of the report, 
following the appendices. 


The terms of reference for the overall program have evolved during the period of 
this study. So as to make this report similar to later reports, we have 
included items which are requested in the new terms of reference and information 
package. 
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SECTION A 
RAW WATER SOURCE 


A.1 General Quality 


The Belleville Water Treatment Plant is located on the north shore of the Bay of 
Quinte at the foot of Sidney Street. The Bay of Quinte has been the source of 
raw water for the community since the later 1880's. 


The Bay of Quinte is a shallow body of water, and historically, the plant 
experiences the worst water quality problems during the summer months. The 
problems largely occur due to high populations of algae and accompanying taste 
and odours. 


The Bay of Quinte and its associated watershed have been the subject of 
extensive water quality investigations for a number of years. The Bay of Quinte 
has been identified as an area of concern by the International Joint Commission. 
The Bay of Quinte Remedial Action Plan has identified a number of water quality 
problems which include nutrient enrichment, bacteriological and toxic 
contamination, etc. Over the last ten to fifteen years, there has been a 
noticeable improvement of the raw water quality entering the water plant, 
particularly with regard to taste and odours. 


After the initiation of a phosphorus management program in late 1977, which 
resulted in a 50% reduction in phosphorus loading from municipal wastewater 
treatment plants, a decrease of about 50% in average May-October phytoplankton 
biomass was measured. However, in recent years (1982-1985), average May-October 
phytoplankton biomass increased to levels approaching those of the 
pre-phosphorous control period, but decreased again during 1986. As well, no 
major shifts in phytoplankton composition has occurred; domination by the 
diatoms Melosira and Stephanodiscus species and the blue-green algae Anabaena 
and Aphanizomenon species has continued.* 


* Nicholls, K.H. and D.A. Hurley, 1987, "Recent Changes in the Phytoplankton of 
the Bay of Quinte: The Relative Importance of Fish and Phosphorus", Ministry 
of the Environment and Ministry of Natural Resources, Toronto. 


== 


A.1 General Quality (cont'd) 


The raw water contains naturally occurring organics, which are precursors for 
trihalomethane formation. The general raw water quality parameters for the 
years 1983 to 1986 vary as follows: 


WINTER SUMMER 
Turbidity (FTU) 0.8-7.0 1.5-10 
Colour (TCU) 10-20 10-40 
Temperature (°C) 1-8 15-25 
Alkalinity (mg/L as CaC03) 94-140 
Hardness (mg/L as CaC03) 104-148 
pH 7.4-8.5 7.6-8.6 
Algae (ASU) 600-9000 1000-13,000 
Threshold Odour (TON) 5-200 20->400 


The winter period is considered to be from October to April each year. Detailed 
raw water quality records are provided in Appendix A. 


SECTION B 


FLOW MEASUREMENT 


SECTION B 
FLOW MEASUREMENT 


B.1 Raw 


Raw water flow is metered by a 610 mm (24 in.) diameter venturi meter. The raw 
water venturi meter generates a differential pressure, which is connected to a 
BIF recorder/indicator, Model No. 0259-21. This system presently has a maximum 
capacity of 68 ML/d (15 MIGD). The system is flushed monthly by plant staff and 
is calibrated every few years. 


The raw meter is used for all flow records and to pace all chemical feeds in the 
water plant. 


B.2 Treated 


There are three treated water meters: 


610 mm venturi meter, 0-55 ML/d capacity 
406 mm venturi tube, 0-32.7 ML/d capacity 
406 mm venturi tube, 0-32.7 ML/d capacity 


The 406 mm venturi tubes do not have electrical transmitters, the differential 
pressure signal is mechanically transferred to the mercury wells and on to the 
recorder. One of the venturi tubes was recently cleaned and appeared to be in 
good condition, however, due to the age of the differential convertors and 
associated instrumentation, the Commission believes the flows recorded through 
these meters are unreliable. New transmitters for these two venturi tubes have 
been ordered; the mercury wells will be removed and replaced during 1988. 


A Rosemount transmitter was installed in August 1987 on the 610 mm _ venturi 
meter, and sends a 4-20 mA signal to the recorder. The Commission believes this 
transmitter is very accurate. 


B.3 Backwash 
The filters are backwashed by gravity using water from a 182 m° (40,000 gal.) 


elevated backwash tank. The flow rate to the backwash tank is metered by a 125 
mm Venturi, which has a capacity of 0-8.2 ML/d. 


Bs Backwash (cont'd) 


The volume of water used for backwashing varies between 114-159 m° (25,000 - 
35,000 gal.) per wash per filter. Backwash flowrate is not measured because 
there is no meter on the backwash line from the tank to the filters. 


B.4 Filters 


Each of the eight filters has a flow indicator. The individual filter rates are 
set manually each day, and the filter rate is varied during the day by an 
automatic control, based on the clearwell level. These flow meters have a 
capacity of 6.8 ML/d. The control systems and flow meters are unreliable and in 
need of rehabilitation and/or replacement. 


The maximum filter rate of each filter is 6.8 ML/d. The filter rates are set 
individually at each filter. 


B.5 Validity 


The Belleville Utilities Commission believes that the raw water flow system is 
reliable. The meter was calibrated in 1987, and is usually calibrated once 
every couple of years. The Belleville Utilities Commission does not have the 
equipment to conduct pressure test calibrations on the flow meter transmitters, 
and therefore, independent companies must be brought in to conduct these tests. 


Filtered water and treated water metering at the plant is unreliable and in need 
of rehabilitation and/or replacement. 


The 610 mm venturi meter transmitter has been replaced with a Rosemount’ trans- 
mitter in 1987. The 406 mm venturi meters are calibrated approximately 4 times 
a year, using a calibration mark on the equipment. During 1988, consideration 
will be given to the replacement of these two treated water meters. 


The per capita flow data provided in Table 1.1 of Appendix A indicate a slightly 
higher than normal average and maximum daily flow rates. The unaccounted-for 
water in the system amounts to about 22%; which, as outlined in the report 
entitled "Water Distribution System - 1979" by Gore & Storrie Limited, may 
explain these higher flow rates. 


SECTION C 


PROCESS COMPONENTS — 
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SECTION C 
PROCESS COMPONENTS 


Gal General 
The following drawings are included in Appendix F: 


(a) Site Plan, dated May 1987 
(b) Block Flow Diagram, dated May 1987 


This section includes detailed information on Design Data and Chemical Systems. 


At present, the structural and architectural aspects of the plant are suffering 
from age and need considerable rehabilitation. These works are to be carried 
out in the near future as documented in a report entitled "Belleville Water 
Purification Plant Planning Study", by Gore & Storrie Limited, dated November 
1986. The conclusions of this study are summarized in the Summary of Findings 
and Recommendations section at the front of this report. 


ec? Design Data 
(a) Plant Capacity 


The first set of mixing and settling tanks and Filters 1-4 were completed in 
1931. This is referred to as the Old Section. In 1950, Filters 5-6 were added, 
and in 1960, Filters 7-8 and the second set of mixing and settling tanks were 
constructed. The New Section includes Filters 5 to 8. 


Numerous piping, pumping, process, and instrumentation changes have occurred 
over the years. 


The plant facilities are currently rated between 45 ML/d (10 MIGD) and about 54 
ML/d (12 MIGD), depending on the raw water quality and the condition of the 
operating equipment. The present average daily flow is about 25 ML/d (5.5 
MIGD). All of the operating data presented herein are based on flows of 25 and 
54 ML/d. 
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(a) Plant Capacity (cont'd) 


In lieu of other information, we have assumed that the total flow splits evenly 
between the Old and New Sections. This condition should be confirmed by field 
testing. 


(b) Intake 


The plant has two intake pipelines, as follows: 


None 1923, 430 m long, 762 mm diameter steel pipe, 
approximate capacity of 90 ML/d. 


No. 2: 1975, 490 m long, 915 mm diameter steel pipe 
with cement lining, approximate capacity of 
136 ML/d. Water is pumped from a wet well 
by a 45 KW electric, vertical propeller pump. 
The 52 ML/d pump is manually operated and 
lifts water from the intake wet well to the 
screen chamber. 


Intake No. 1 has a timber intake crib situated 1.2 m from the bottom of the bay, 
3.8 m below the average water level. Intake No. 2 has a steel bellmouth intake 
situated near the bottom of the bay, 5 m below the average water level. This 
intake was the first part of a two phase program. The second phase, consisting 
of a low lift pumping station and chemical feed facilties, was deferred because 
of a proposed Regional Water Area. 


In 1986 and 1987, it was established, by survey and inspection, that the intake 
bell on the 915 mm diameter intake, installed in 1975, has a different elevation 
than the "as-constructed" records. It has been established that the intake 
elevation is stable. The raw water quality and overall process performance are 
not affected by the intake location and are not affected when each of the two 
intakes are used on alternate days. Consequently, no action is required. 
Routine monitoring is ongoing to document the intake elevation and water 
quality. 


(c) Travelling Water Screen 

The intake and travelling water screen well is constructed of concrete. There 
is only one travelling water screen, which has cast iron supports and brass mesh 
with about 3 mm openings. The screen is manually operated. The intake screen 
facilities are scheduled for upgrading in the future works. 

(d) Low Lift Pumping 

The low lift suction well is concrete. The following pumps are installed: 


| | 
| | 
| 1 Electric 32 | | 
| | 
| | 


7.62 

1 | Electric 41.8 | 8.84 

1 Diesel | 2723 | 8.23 
Total Installed | 101E8- | 
Firm Capacity | 60.0 | 


The firm capacity assumes the loss of the largest pumping unit. 

(e) Microstraining 

The microstrainer facility was installed in 1958 and consists of four units, 
each with a capacity of 5.7 ML/d. The total capacity is 22.8 ML/d (5.0 MIGD), 


which is controlled by a by-pass weir on the inlet conduit. 


Microstrainers are normally used from July through November to reduce the algae 
load on the remainder of the plant. 


The conduits and tanks are constructed of concrete. The microstrainers consist 
of cast iron supports with bronze gears and stainless steel screens with 35 um 
mesh. 


(f) Flash Mixing 


The plant contains no rapid mix equipment. 


(g) Flocculation 


The flocculation step within the plant consists of hydraulic spiral over- and 
under-flow. The tanks are constructed of concrete with cast iron piping and 
wooden baffles. 


The old section of the plant contains Tanks 1 to 18 which service Settling Tanks 
1 to 3 and consist of three sets of six cells (6-stage flocculation). Each cell 
is 2.33 m x 2.89 m x 4.9 m deep. The total volume of the flocculation tanks is 
594 m°. Assuming a 50 percent split of flows between the old and new sections, 
the flocculation detention times at 54 and 25 ML/d are 32 and 68 minutes 
respectively. 


The new section of the plant contains Tanks 19 to 26 which service Settling 
Tanks 4 and 5, and consist of four sets of two cells (2-stage flocculation). 
Each cell is S77 mx 32710 m ex6952335 mi <deep. The total’ volume ‘of the 
flocculation tanks is 587 m°. Assuming a 50 percent split of flows between the 
old and new sections, the flocculation detention times at 54 and 25 ML/d are 31 
and 68 minutes respectively. 


The mixing velocity gradients in the ‘flocculation tanks have been estimated 
based on a mixing energy input equivalent to the loss of momentum of the water 
entering the tanks. This is a conservative estimate of the total mixing, since 
other energy losses occur during passage of the water from one tank to another. 
This additional mixing energy could result in G values which are as much as 25 
percent higher. The actual energy loss can be obtained from precise hydraulic 
tests. 

Useful flocculation velocity gradients range from 100 to <10 sec oe A 
"tapered" or stepped series should be used; the highest mixing is provided 
initially, progressing through a series of cells of decreasing mixing levels. 
Additionally, the dimensionless parameter, Gt, which is the product of velocity 
gradients and the duration of mixing, is a most useful parameter which usually 
must have values within the range of 10* to 10°. 


(g) Flocculation (cont'd) 


Estimated Velocity Gradient at 10°C: 


Old Section pl 2a5eMie/sd 27 ML/d 
Gellel G sySee sat Ge= 27:00 
Cell 2-6 Gree7ctys. 4 Ga=-23¢6,50- 
Overall Gt=,35 1 3x0" Gt= 4.6 x 10° 

New Section 12.5 ML/d 27 ML/d 
Cell 1 G = 6.8 s ! Ci=tel. ese 
Cedile2 G1=34.44s5" G.=13.6 s 4 
Overall Gt="22s"x 10° Gt=. 348 x 407 


(h) Settling Tanks 


Settling consists of concrete, horizontal cross-flow tanks, as follows: 


Old Section Tanks IWS 2 ae 8 
Dimensions: 22.3 mx 7/62 m x 5.41 m each 
Total Volume: 2760 m° 
Total Surface Area: 510 m? 

New Section Tanks 4&5 
Dimensions: 35.1 mx 7.2 m x 4.7 m each 
Total Volume: 2380 m° 


Total Surface Area: 505 m? 


For the old section, assuming a 50 percent split of flow, theoretical detention 
- time at 54 and 25 ML/d flows are 147 and 318 minutes, respectively. For similar 
flow conditions, the overflow rates are 2.2 and 1.0 m/h, respectively. 


For the new section, assuming a 50 percent split of flow, the theoretical 
detention time at 54 and 25 ML/d flows are 127 and 274 minutes, respectively. 
For similar flow conditions, the overflow rates are 2.2 and 1.0 m/h, 
respectively. 


(h) Settling Tanks (cont'd) 


Settling basins No. 3 (1939) and No. 4 (1957) were inspected in June 1986. 
Disintegration of inlet and outlet gullets, walls, and other slabs were 
observed. Some baffles were missing in the mixing and settling tanks. These 
factors may inhibit the process hydraulics and efficiency of the settling tanks. 
Rehabilitation requirements have been outlined in the Planning Study Report. 


(i) Filters 


The plant contains eight open gravity filters, each 7.0 m x 5.5 m, which 
provides a total filtration area of 308 m2? (3314 ft?). The filter media 
consists of the following: 


305 mm anthracite 
460 mm sand 
460 mm gravel 


The filter tanks are constructed of concrete with cast iron piping. Fiiiters of 
to 6 have 100 mm (4 in.) lateral underdrains, and Filters 7 to 8 have Leopold 
block underdrains. All filters have surface agitators. 


One Lisle-Metrix DRT 285 J497B turbidity meter measures raw, filter effluent on 
eight filters, and tap or finished water. The turbidity meter monitors the ten 
stations over a 15-minute period per station. This on-line turbidimeter is 
checked daily against the lab operator's turbidimeter, and is calibrated once a 
month. This information is recorded on a strip chart. 


Before each filter is backwashed, the effluent turbidity for the specific filter 
is recorded on a daily filter log sheet. 


=10- 


(i) Filters (cont'd) 


OPERATING PARAMETERS 


Effluent Turbidity Range (FTU) 0.17-1.00 Based on daily readings 


Length of Run 50-100 hr. (Winter '85) 
25-50 hr. (Summer '85) 


Headloss (Max.) 1.8 m 

Flow Rate 3.4 and 7.3 m/h at 25 and 54 ML/d, 
respectively. 

Backwash Flow Rate Summer: 35 - 50 m/h * 


Winter: 25 - 35 m/h * 


Backwash Water/Wash 3.0-4.6 m°/m? 


* Estimated from volume of water used and length of backwash. 


== 


(j) Clearwells 


Treated water is stored in two concrete tanks, as follows: 


Under Filters 1-8: 1.14 ML 
On-Site Reservoir: 4.55 ML 
TOTAL: 5.69 ML 


The reservoir is piped directly from the filter clearwell. The filter clearwell 


is directly connected to the high lift pumping station. 


(k) High Lift Pumping 


The high lift pumping station contains the following pumps: 


No. Type Capacity 


4 Electric 15.9 ML/d (ea.) 
1 Diesel] 15.9 ML/d 
il Diesel 15.9 ML/d 

Total Installed 95.4 ML/d 

Firm Capacity 79.5 ML/d 


The firm capacity assumes the loss of the largest pumping unit. 


(I) Backwash Wastewater Treatment 


Presently, the plant has no waste treatment facilities. The backwash water 
drained directly back into the Bay of Quinte. 


(m) Sludge Disposal 


The settling tank sludges also drain intermittently directly into the Bay 
Quinte. 


212: 


is 


of 


Cr3 Chemical Systems 


(a) Disinfectant 
Chlorine gas is stored as a liquid in 0.9 tonne cylinders. 


Application points: 


Pre- After microstrainers (before flocculation tanks) 

Post- Clearwell (not used at present for operational considerations) 
Equipment: 

Pre- 1 - 909 kg/d Wallace & Tiernan gas chlorinator 


1 - 909 kg/d Wallace & Tiernan gas chlorinator - used for pre or post 
application 


Post- 1 - 909 kg/d Wallace & Tiernan gas chlorinator - used for pre or post 
application 


Scales 2 - each holds two 909 kg cylinders 


The combined total feed rate from the chlorinators could be 1818 kg/d, for a 
total dosage of 33.7 to 72.7 mg/L for 54 and 25 ML/d, respectively. 


(b) Coagulant 


Liquid alum is stored in two 27,280 L steel storage tanks. One tank has a spun 
rubber liner and the second has a PVC bag liner. 


Alum is transferred from the storage tanks to one of two 2273 L day tanks. From 
the day tanks a metering pump is used to pump to the application point after the 
microstrainers and before the flocculation tanks. 


There are two metering pumps, Wallace & Tiernan series 44-126; each with a dual- 


head and capacity of 7.6 L/min. The maximum dosage capacity available with both 
pumps operating is 263 and 569 mg/L for 54 and 25 ML/d, respectively. 
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(c) Fluoride 


Fluoride in the form of hydrofluosilicic acid is stored in one 18,180 L steel 
storage tank with a wound rubber liner. The acid is transfered from the storage 
tank to a 227 litre polyethylene day tank. 


The metering pump is a 18.9 L/hr Wallace & Tiernan Model 45-050 KIE with manual 
stroke length adjustment for dosage and stroke speed adjustment for flow pacing 
from the raw water flow. The maximum dosage capacity available is 2.0 and 4.4 
mg/L for 54 and 25 ML/d, respectively (provided the metering pump flow pacing 
[0-100%] is O to 54 ML/d). 


The fluoride application point is after the microstrainers and before the 


flocculation tanks. 


C.4 Photographs 


Following is a series of photographs which illustrate major components and. 
chemical feed systems. 
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SECTION D 
PLANT OPERATION 


D.1 Description 


(a) General 


The plant was originally constructed in 1931, with expansions in the 1950's. 
Numerous piping, process and instrumentation changes have occured over the 
years. As documented in a report prepared by Gore & Storrie Limited, entitled, 
"Belleville Water Purification Plant Planning Study" dated 1986, the plant is in 
need of major rehabilitation, modifications and additions. The findings of this 
report are outlined in more detail in Section D.2. These changes to the plant 
commenced in 1987, with a possible completion by 1992. Therefore, many of the 
present operational conditions are subject to changes in the near future. 


(b) Flow Control 
RAW WATER 


The plant production flows are determined by the measurement of the raw water 
flow, which is modulated by a control valve to maintain a settled water level. 


PRETREATMENT AND SEDIMENTATION 
Each section of the plant is fed with water in a manner dictated by the plant 
hydraulics. It has been assumed for the purposes of this report that the flow 


split is about equal to the old and new sections of the plant. 


All flocculation and sedimentation tanks are used all of the time, except during 
periods when the settling tanks are cleaned. 
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(b) Flow Control (cont'd) 
FILTRATION 


The filter rates are set manually. At present, filter rate selection is 
accomplished from experience, since the filter flow instrumentation is quite 
poor. Normally all of the filters operate all of the time. 


HIGH LIFT PUMPING 


High lift pumps are selected to maintain the plant discharge pressure at 560 kPa 
(80 psi) minimum. Depending on the number of high lift pumps, filter rates are 
set manually, and low lift pumps are selected to keep pace with the filters. 


(c) Filter Backwashing 


The criteria used to initiate a filter backwash is either headloss, time or 
turbidity, but backwashing has never occurred because of high turbidity. 


The Belleville Water Treatment Plant has a 180,000 L elevated washwater tank. 
The tank is filled with a 4500 L/min. pump, and the flow into the tank is 
metered with a 125 mm venturi meter. Belleville also has an auxillary wash 
system, in which the high lift pumps are used and water is taken from the 600 mm 
Main treated water header. This system is seldom used. 


The normal backwashing procedure at the Belleville plant consists of closing the 
influent and effluent valves and operating the surface agitators for 5 to 6 
minutes. The water from the washwater tank then backwashes the filter for 5 to 
7 minutes. During the winter months, approximately 115,000 L/wash is used, and 
during the summer months, approximately 160,000 L/wash is used. The backwash 
operation should be optimized in the immediate rehabilitation works for the 
plant. 
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(c) Filter Backwashing (cont'd) 


The filters are normally washed after a period of 25 to 50 hours during the 
summer months, and during winter, this time is extended to 50 to 100 hours. iG 
the headloss on any filter reaches a maximum of 1800 mm, it is washed regardless 
of the number of hours in service. The filter effluent turbidity is entered 
into the operating log just prior to backwashing. 


The wash rates of 25, 35, and 50 m/h provide bed expansions of approximately 8%, 
19%, and 35%, respectively, at 15°C. As noted earlier, the volume of water used 
during a backwash is 3.0 to 4.6 m*/m*. Our experience indicates that a wash 
volume of 4.0 - 5.0 m°/m? should properly clean a filter bed. 


(d) Chemical Dosage Control 


Alum, fluoride, and chlorine are introduced, after the microstrainers and before 
the flocculation tanks, into an open conduit. 


ALUM 


Jar tests have not been used for many years; rather, historical operating 
knowledge is used. Presently, adjustments are made to alum dosage, based on 
experience and observation of water on top of the filters. 


Historical information on jar tests indicated that jar test results typically 
showed higher dosages than actually required in the plant. For example, a 40 
mg/L jar test result required a 30 mg/L plant dosage. 


Alum dosage is set at the metering pump by manual stroke adjustment, and the 
metering pump speed is flow-paced from the raw water flow meter. Daily alum 
usage is determined by measuring level drop in the active alum day tank. The 
dosage is computed for the daily alum usage and the daily raw water flow rate. 
This method should provide accurate dosage values, since the tank level drops 
approximately 100 cm/day at a plant flow of 25 ML/d. 
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(d) Chemical Dosage Control (cont'd) 


The Belleville plant changed from a liquid alum and dilution water feed system, 
to feeding only liquid alum in early 1987. A new chemical metering * system was 
installed in 1987, and the Commission believed that more accurate chemical flow 
pacing could be achieved by feeding only liquid alum. The alum feed system 
should be investigated in the first annual report. 


CHLORINE 


Pre-chlorination is used to attain the following residuals in the plant at the 
last flocculation cell before the settling tanks: 


SEASON | CHLORINE RESIDUAL 


| | 

| | mg/L | These residuals 
| Free Total | are measured 

| | | once every 

| Summer | 2.0 | 2.4 | three hours 

| Winter | 160 AD" | 


The above residuals are usually enough to ensure a 1 mg/L total chlorine 
residual is maintained in the water going to the city. 


Once per day, free and total chlorine residuals are measured at three places in 
the plant: 
* Last flocculation cell 


* Top of filters 
* Tap or finished water 


The finished water total chlorine residual is measured once every hour. 
Chlorine residuals are determined with a Fisher & Porter laboratory amperometric 
titrator. The plant effluent free chlorine residual is continuously analyzed 
with a Fisher & Porter continuous chlorine analyzer. 


Pre-chlorination is paced from the raw water flow. Closed loop control is not 
used. Presently, due to operational considerations, post-chlorination is not 
used. Since the dissolved organics in the raw and treated water are high, the 
associated chlorine demand is high. The need for disinfection dictates the 
chlorine dosage. Thus, the levels of trihalomethanes formed are controlled by 
the chlorine concentration rather than being limited by the presence of 
precursors. 
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(d) Chemical Dosage Control (cont'd) 


Daily confirmation of total chlorine used is by weight loss from the active 
cylinder. The chlorine weight reading is taken every 24 hours. 


FLUORIDE 


Fluoride is added to the water using hydrofluosilicic acid. The acid is fed 
from a 227 kg day tank on a weigh scale, using a metering pump that is manually 
set, and flow-paced from the raw water flow. Daily hydrofluosilicic acid usage 
is determined by recording total weight loss from the day tank every 24 hours. 


Fluoride residual determinations are done on a daily basis, using a Spadns wet 
chemistry technique. 


(e) Quality Control Testing 
FLOW VELOCITY TRAVEL TIME 
SOURCE j LENGTH SIZE | (lmin) | m/s | min. 
| (m/mm ) | Max.] Norm. | Max Norm Min.| Norm. 


Last flocculation 177227 1102833 


chamber in old 
section of plant 


| 
| | 
| | 
| | 
| HL main to | | 
| | 
| | 
| | 
| | 
| | 


Si 0.833 IES} || 
| operator's lab & 0.005 
| ------------------- |-------------|-----|-------|-----|--------|-----|------ | 
| HL main to plant 9.6/9.5 = 0.833 - 0.09 & - de 700 1 
| lab Me 7/ Ons | 
| | 


The sample line from the last flocculation chamber is gravity fed to a drain in 
the filter gallery. Operators take samples for analysis from this line. 


The sample line from the high lift main splits into two branches. One goes to 
the operator's lab, the other to the plant lab. These lines run continuously. 
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(e) Quality Control Testing (cont'd) 


The sample line from the last mixing chamber is constructed of polypropylene. 
The sample line from the high lift main to the plant lab is made of copper. The 
sample line from the high lift main to the operator's lab has 5.9 m of copper 
pipe, 2.4 m of galvinized steel and 1.2 m of copper tubing. There are two 
stainless steel DWSP sampling lines; one raw water line runs from the raw water 
well to the lab, and one treated water line runs from the clearwell to the lab. 


There are 10 sample lines leading to a Lisle-Metrix DRT285 J497B continuous 
turbidity meter, eight lines from the filter effluents, one from raw and one 
from finished. These sample lines are made of plastic tygon tubing. The meter 
itself is located in the filter gallery with a remote strip chart recorder in 
the operator's lab. Plant staff feel that this meter is unreliable and do not 
depend upon it for any operational duties, nor are the results recorded in the 
daily log. 


IN-PLANT MONITORING 


The following table gives a list of the tests performed at the plant: 


TESTING | REPORTING | TESTING 
TEST j SAMPLE POINT | FREQUENCY | FREQUENCY | INSTRUMENT 


rer = tv = |} tel - | Pac EC i [San 
Clo Residual 


| | 
| | 
| | 
| | | | | | 
| | | | | | 
| - Free, Total | Last mixing | 1/day | 1/day | Fisher & Porter| 
| | chamber in old | | | Amperometric | 
| | section of | | | titrator | 
Saar ec ei 
| - Free, Total | Last mixing | 1/3 hours | 1/3 hours | Fisher & Porter| 
| | chamber in old | | | Amperometric | 
| | section of | | | titrator | 
ue om. 
| - Free, Total | Grab sample | 1/day | 1/day | Fisher & Porter| 
| | from top of | | | Amperometric | 
| | filter 5 | | | titrator | 
| | | 

| - Free | HL discharge | 1/day | 1/day | Fisher & Porter| 
| | | | | Amperometric | 
| | | | | titrator ! 
| | | | | 
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(e) Quality Control Testing (cont'd) 


TESTING REPORTING TESTING 


TEST j SAMPLE POINT | FREQUENCY | FREQUENCY | INSTRUMENT 


| 
| | 
| - Total | HL discharge | 1/hour | 1/hour | Fisher & Porter | 
| | | | | Amperometric | 
| | | | | titrator | 
| | | 
| - Free | Plant Effluent | Continuous | Continuous| Fisher & Porter| 
| | | | | Continuous | 
| | | | | Clo Analyzer | 
| | | | | (checked daily) | 
| | | | | | 
| psp SSS SSS [=== ==" ES rneee [=== — | ---------------- | 
| Turbidity | 8 filter | Every 15 | Noted on | Lisle-Metrix | 
| | effluents, 24" | min. for | wash re- | (DRT 285 J497B) | 
| | finished water-| each | cords each|(checked daily, | 
| | main, raw water| location | time a | calibrated | 
| | well | filter is | monthly) | 
ar 
| | HL discharge | 1/day | 1/day | HF Instruments | 
| | and Raw Water | | | DRT 100 (cali- | 
| | Well | | | brated daily) | 

---------------- | ----------------|------------|-----------|---------------- 
| pH | HL discharge | 1/day | 1/day | Corning pH | 
| | and raw water | | | meter | 
| | well | | | | 
|p | ---------------- | ------------ |----------- | -=-------------- | 
| Bacteriological| HL discharge | 1/week | 1/week lé | 
| Testing | and raw water | | | | 
| | well | | | | 
SSS | ---------------- | ------------ | ----------- | -=--=----------- | 
| Colour | HL discharge | 1/day | 1/day | Hellige | 
| : | | | Colorimeter | 
| TON (Threshold | HL discharge | 1/week | 1/week | | 
: Odour Number) | raw water well | | | | 

SN [======-===2< 22 [2-2 22 | --------- == | --------- == === == 
| Fluoride | HL discharge | 1/day | 1/day | Spadns Wet Che-| 
| ! Raw Water Well | | | mistry Method | 

Bf Sp pp ae a | qe kB OR EUR ER | ------------ 2 Sa oe EN RE eee ee ee 
| Algae Counting | Raw water well |1/week from | Each count| Microscope/ | 
| | IMar. - Nov. | is repor- | Whipple | 
| | INo testing | ted on | eyepiece | 
| | Icarried out | daily log | appartus | 
| | lrest of year| | | 
| Water Temp. | Raw water well | 1/day | 1/day | Thermometer 


| | | | 


* Samples are sent to the MOE lab in Kingston for analysis. Additional 
bacteriological tests are conducted as part of the DWSP program. 
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(f) Validity of Data 


The water quality results presented in Table 5.0 and 5.1 in Appendix A were 
obtained from a MOE testing program. 


In Table 5.0, where measurements were available, the values were analyzed and 
recorded as Max., Min. and Avg. This could be completely misleading as the 
numbers recorded in Table 5.0 are only the Max., Min., and Avg. of the various 
grab samples taken. The numbers recorded therefore do not represent the Max., 
Min. and Avg. for even a daily set of data. 


Extreme caution must be exercised when using the data presented in Table 5.0. 


One observation noted during our review of Turbidity data in Table 5.0 vs 
Turbidity data recorded at the plant is that: 


Table 5.0, page 3 of 18, shows a Max. treated water turbidity 
of 2.2 in 1985 whereas, Table 2.0, page 3 of 4, shows a Max. 
treated water turbidity of 0.78 in July 1985. 


Another observation shows that: 


Table 5.0, page 3 of 18, records a Max. raw water turbidity 
of 6.1 in 1985; whereas, Table 2.0, page 1 of 4, records a 
Max. raw water turbidity of 27.0 in March 1985. 


These examples are representative of how misleading the tabular information can 
be unless the exact basis and frequency of measurements is understood. 


Reference was made at the site visit regarding the comparison of MOE and plant 
fluoride residual measurements. The table below documents the residual 
measurements made in 1985. The daily average fluoride dosage data are based on 
the 24 hour fluoride usage divided by the flow and, therefore, represent a 24 
hour time weighted average. Both fluoride residual measurements are grab 
samples. 
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(f) Validity of Data (cont'd) 


COMPARISON OF RESIDUAL FLUORIDE MEASUREMENTS 


Ts MME Mn) rian Rr A HI peo aloe, aa 


| Daily Average Belleville WTP Regional MOE | 
| Date | Fluoride Dosage Fluoride Residual | Fluoride Residual | 
| | (mg/L) | (mg/L) | (mg/L) | 
| 8 Jan. 85 | 1.28 | 1.24 | 11 | 
| 5) feb. 85 | 1.28 | 116 | el | 
| 5 Mar. 85 | 1.38 | 1.20 | 037 | 
| 2 Apr. 85 | 1:31 | 118 | jeu | 
| 7 May 85 | 131 | 1522 | el | 
| 4 June 85 | 1.36 | 1.19 | 1535 | 
| 2 July 85 | 1525 | 1.18 | N/A | 
| 6 Aug. 85 | 1.19 | 17 | 10 | 
| 3 Sep. 85 | 112 | LA | 0.94 | 
| EOcE. 85 | 121 | 1.24 | 0.85 | 
| 5 Nov. 85 | 523 | 1.24 | 1.1 | 
| 4 Dec. 85 | 120 | 1.08 | 0.9 | 


Except for the 5 March, 3 September and 1 October fluoride residuals, the 
Belleville Water Treatment Plant and MOE Regional Office measurements are within 
+10% of one another. Although this may not be what is expected in detailed 
analytical work, considering the transportation of the Regional samples and any 
other delays before the tests are conducted, the recorded results are within 
engineering tolerances. It should also be noted that the Regional Office 
measurements are usually recorded to 2 significant figures, while the Belleville 
Water Treatment Plant results have 3 significant figures. 


Overall, tabulated data in Appendix A provides a fair representation of the 
plant operation. 
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D.2 Operation and Process Concerns 


A planning study was completed in November 1986 by Gore &  Storrie 
Limited for the Belleville Utilities Commission. The planning study 
identified the following areas of concern: 


(a) Facilities 


* Equipment in serious need of replacement, including: 
- most valves throughout the plant 
- most valve operators 
- travelling water screen 
- chlorinators 
- instrumentation 
- control systems 
- heating system 


° Insufficient capacity in microstrainers - bypassed when 
rates exceed 22.7 ML/d 


* Crowded chemical storage facilities 

* Deterioration of concrete in various areas 

e Inadequate laboratory/office/staff facilities 
+ High noise levels 

* Corrosion of equipment and piping 


* Deterioration in the buildings 
The above problems have not yet manifested themselves in the overall process 
performance. Most of the problems are a result of deterioration due to age and 
the result of postponing capital improvements. 
(b) Water Quality Concerns 
The major process problems facing the plant are in dealing with taste and odour 


problems and trihalomethanes. Occasionally, the colour exceeds the water 
quality guidelines. 
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SECTION E 
PLANT PERFORMANCE (PARTICULATE REMOVAL) 


Esl Turbidity Removal 
(a) General 


The Belleville plant must deal with winter and summer raw water quality 
conditions as shown: 


WINTER SUMMER 
Turbidity (FTU) 028=7 <0 1255-10 
Colour (TCU) 10-20 10-40 
Iron (mg/1) 0.01-0.30 
Manganese (mg/L) 0.003-3.5 
Algae (ASU) 600-9000 1000-13,000 
Temperature (°C) 1-8 15-25 
Threshold Odour 5-200 20->400 


Considering turbidity alone, the raw water quality conditions would allow 
treatment by direct filtration (that is, a plant without settling tanks) to meet 
today's treated water turbidity objective. 


Raw water turbidity removal is not a critical issue for the Belleville plant. 


Rather, algae, taste and odour, and trihalomethanes are the more important 
parameters. 
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(b) Plant Performance 
OVERALL PLANT PERFORMANCE 


It is usual to consider two conditions for plant operation, the maximum 
hydraulic flow rate and the maximum process flow rate. The maximum process 
condition, from the stand point of particulate removal, occurs with the highest 
solids loading on the plant. The maximum flow and worst raw water quality can 
be coincident at this plant. The flow in any year only varies about 3:1, while 
the raw water solids and corresponding solids generated within the process can 
vary about 30:1; therefore, the maximum process condition corresponds to the 
combined worst water quality and highest flow rate conditions. 


In the period from 1983 to 1986, the maximum day demand occurred in July or 
August. It is during this summer period when the raw water conditions are at 
their worst. 


Daily turbidity readings were recorded for August and September 1985, and July, 
August, and September 1984, to study the effects of raw water turbidity on the 
plant's performance. The turbidities are recorded in Tables 2.1 to 2.5 in 
Appendix A. 


The same data are presented graphically in Figures 2.1 to 2.5 in Appendix B. 


Figure 2.3 shows a period of rising raw water turbidity and the resulting rising 
treated water turbidity. The maximum treated water turbidity rose to 1.0 NTU on 
27 July 1984. This same day, the raw water turbidity peaked at 9.4 NTU. 


The recorded alum dosage on 27 July 1984 was 25.7 mg/L. Dosages on the 26th and 
28th were 29.9 mg/L and 34.2 mg/L, respectively. The raw water turbidity was 
slightly lower on both the 26th and 28th than the peak turbidity of 9.4 NTU on 
the 27th. It can be concluded that one factor leading to the treated water 
turbidity of 1.0 NTU on 27 July 1984 was a low alum dose. 


(b) Plant Performance (cont'd) 


By example, Table 2.4 for 10 August 1984 shows a raw water turbidity of 9.5 NTU, 
received 42.8 mg/L of alum, and the resultant treated water turbidity was 0.58 
NTU. Figure 2.4 in Appendix B shows the same results graphically. Figure 2.4 
demonstrates that, when higher raw water turbidities were treated with higher 
alum dosages, the treated water turbidities were maintained well below 1.0 NTU. 


PERFORMANCE WITH POLY ALUMINUM CHLORIDE 


In the period from 5 March 1986 through to 12 May 1986 the Belleville plant ran 
a full scale trial operation using STERNPAC or Poly Aluminum Chloride (PAC) as a 
coagulant instead of Alum. 


Tables 2.6 - 2.8 in Appendix A show the Particulate Removal Profiles for the 
March through May 1986 period when PAC was being used. For comparison purposes 
Tables 2.9 - 2.11 show the Particulate Removal Profiles for the March through 
May 1985 period when Alum was being used. 


A review of the performance with PAC in 1986 to Alum in 1985 shows: 


| DOSAGE (mg/L) | 
| PAC ALUM | 
| Max. Min. Avg. Max. Min. Avg. | 
| | | | | | 
| | 


23.6 | 7.0 | 9.7 | 45.2 | 24.2 | 3229 


In the same periods the raw and treated water turbidity varied as follows: 


| TURBIDITY RANGE (FTU) 
| Mar. - May 1986 Mar. - May 1985 
| 


| 
| 
Max. Min. Avg. Max. Min. Avg. | 
| 
| 


| 

| Raw sq 0 al 0.5 1279 EEO || 1.0 | 2.4 

|-------- |---------- |----------- [== |---------- |---------- |------------ | 

| Treated| 0.90 | Ont? iN) 05387 | 0.49 | 05270 CSST | 
| | | | | 


Poly Aluminum Chloride was tested over approximately a two month period between 
5 March and 12 May 1986. The average PAC dose was 9.7 mg/L compared to the 
average Alum dose of 32.9 mg/L for the same period a year earlier. 
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(b) Plant Performance (cont'd) 


It is obvious that the PAC dosage used was only about 30% of the Alum dose and 
the average treatment effected was approximately the same with both chemicals. 


At the present time (PAC) STERNPAC is approximately three times more expensive 
than Alum in Southern Ontario. Therefore, unless the required PAC dosage is 
less than one-third of the required Alum dosage, the PAC is not economically 
justified. 


In some reported instances, PAC dosages of less than one-third the required alum 
dosage actually produce a better quality end product with less sludge and at a 
lower cost. However, while the 1986 PAC trial at the Belleville plant did 
demonstrate a marginal cost advantage, no significant performance improvement 
was noted but colour was not effectively removed. 


E2 Treatability Testing 
(a) Jar Testing 


TURBIDITY REMOVAL 


Treatability testing was carried out on two raw water samples with 4.0 and 12.5 
NTU, respectively. The results are included in Appendix C. 


Alum and various polymers were used in the coagulation/flocculation/ 
sedimentation testing, followed by filtration through a 1.2 um membrane which, 
in our experience, emulates the performance of a dual media filter. The results 
of the testing demonstrate that filtration down to a turbidity of 0.16 NTU is 
achievable for both samples tested, providing appropriate dosages of alum plus a 
coagulant aid are used. 


As discussed above, laboratory scale testing indicates that, under ideal 
conditions, the raw water particulate materials can be coagulated so as to 
yield low filtered water turbidities. In addition, the plant operating data 


(a) Jar Testing (cont'd) 


show that episodes of higher filter effluent turbidities result from higher 
turbidity conditions, wherein the alum dosage may be less than needed. 


It is Gore & Storrie's opinion that additional testing should be carried out by 
the plant staff to ascertain the relative merits of specific polyelectrolytes to 
reduce the filter effluent turbidities. Clearly, the improved performance must 
be gauged against the increased costs of operation. 


ALUMINUM RESIDUAL 


The use of aluminum salt coagulants (alum, polyaluminum chloride, etc.) in 
potable water treatment plants may lead to increased aluminum concentrations in 
treated water, which may result in water quality and supply problems. 

There is no evidence that aluminum is physiologically harmful, and no 
health-related limit has specified anywhere in the world to our knowledge. 
However, the perception of potential health problems associated with aluminum 
frequently emerges. 


Water supply problems may be associated with increased aluminum concentrations 
in treated water. These problems include the formation of a hydrous aluminum 
precipitate in the distribution system which may increase turbidity and 
complaints about clarity. Aluminum floc in the system may interfere with the 
disinfection process by entrapping and protecting microorganisms. Another 
problem attributed to increased aluminum concentrations is deposition of 
aluminum hydrolysis products on pipe walls, which decreases carrying capacity. 
To minimize these problems, the Ontario Drinking Water Objectives (ODWO) suggest 
an operational guideline of <0.1 mg/L as Al in the treated water leaving the 
plant. 


An EPA survey of 186 utilities showed that a number of plants exhibited high 
residual aluminum when overdosing of alum occurred. Even though some utilities 
surveyed stated that minimizing the alum dosage is a strategy for controlling 
residual aluminum, underdosing of alum appears to be just as detrimental to 
turbidity removal and residual aluminum control as overdosing. 
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(a) Jar Testing (cont'd) 


Water quality problems associated with high concentrations of aluminum in 
finished water have led to discussion of ways to reduce residual aluminum 
concentrations. One method of reducing aluminum concentration is to optimize 
coagulation. To have optimum coagulation requires that the best coagulant, 
dosage, and combination of operating conditions be selected for each raw water. 
The optimum pH range must also be achieved since aluminum is least soluble in 
water in the pH range 5.5-7.0. 


There are tretment plants in Ontatio which are currently using residual aluminum 
as an “operating tool" to optimize the dosage of alum. Operational staff 
respond to any elevation in residual aluminum and make the necessary adjustments 
to the plant operation. 


Aluminum solubility in water is a complex topic; but some of the most 
significant variables are pH, time and temperature. For pH values greater than 
6.5, the aluminum residual increases directly with pH. Aluminum residual is 
inversely proportional to time, up to several hours, whereupon the solubility 
concentration remains fairly constant. The aluminum residual is directly 
related to temperature, but this has a fairly minor impact over the ranges 
encountered in natural waters. For times greater than an hour and pH's greater 
than about 7.4, water may contain a residual concentration greater than 0.1 
mg/L. 


For the aluminum residuals and pH values found in the waters at the plant, the 
results are consistent with general experimentally determined values. 
Therefore, it is not surprising to find aluminum concentrations greater than 0.1 
mg/L. 


Belleville's treated water aluminum residuals have sometimes been above the 
guideline of 0.1 mg/L, therefore, jar tests were run to check aluminum residual. 
In Gore & Storrie's opinion, the benefits associated with changing the alum 
dosage to control the aluminum residual, over and above those for turbidity 
control, is not warranted. 
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(a) Jar Testing (cont'd) 


A minimum of daily monitoring of aluminum residual and pH leaving the plant is 
recommended by the Ontario Ministry of the Environment. An acceptable method of 
aluminum analysis should be used. Frequent examination of this data and 
Drinking Water Surveillance Program (DWSP) data will supply the needed 
information on the chemistry and fate of aluminum following water treatment to 
help operating authorities minimize the concentration of aluminum in the treated 
water. 


COAGULANT(S) DOSAGE 


From the laboratory testing conducted by Gore & Storrie Limited, it appears that 
a minimum alum dosage of 5 to 15 mg/L is required. The best filter effluent 
quality was obtained with 10 to 15 mg/L of alum and 0.3 mg/L of an anionic 
polymer. The conclusion is that a polyelectrolyte is required to ensure the 
lowest possible filtered water turbidity. 


(b) Streaming Current Monitor 


It was stated earlier that, during a period of rising raw water turbidity in 
July 1984, the treated water turbidities also rose to a peak of 1.0 FTU. The 
alum dosages during this same period were being adjusted up and down in an 
attempt to achieve the optimum performance. A streaming current monitor (SCM) 
may allow a faster and more accurate response for the selection of the correct 
coagulant dosages. 


We recommend, in the absence of better information, such as streaming current 
monitoring data, that during periods of rising raw water turbidities, alum 
dosages from previous operating logs be used to assist in establishing the 


correct alum dosage for the current condition. 


Further, a streaming current monitor trial should be initiated. 


VE 


E:3 Optimum Removal Strategies 


(a) Flocculation Mixing and Sedimentation 


As noted in previous sections, all the flocculation and sedimentation tanks are 
used at most times. Since the level of mixing in the flocculation tanks is 
dictated by the flow rate, there may be some marginal benefits obtained from 
isolating the pretreatment sections of the plant. The resident time afforded by 
having all tanks operational is increased at lower flows; thus the mixing system 
tends to compensate for the reduced flow rates. In addition, the settling tank 
performance is inversely dependent on the flow rate; therefore, this unit 
operation tends to also compensate for reduced mixing levels at lower flow rates 
by becoming more efficient. Clearly, there are bounds to how low the flow rate 
can be before overall performance is effected, but this should not be 
experienced at this plant. 


It is our opinion that, at this time, there is no merit to investigating the 
improvement which would result from maintaining high flows in the flocculation 
tanks. We believe that the performance improvements will only be small and that 
major changes are being considered for the plant in the near future. 


(b) Filtration 


All of the filters are run all of the time when the plant is producing water, 
and the maximum filtration rates are set by the operator as dictated by the 
system demand. The lower the filtration rate, the better the removal 
performance; which can be achieved by operating all filters all the time. 
Therefore, from the standpoint of particulate removal, the ideal procedure is 
exactly as is done; which is to operate all filters with a constant flow rate to 
satisfy some long-term demand. This procedure requires that the clearwell level 
rise and fall to offset the difference between production and demand flow rates. 


Filter effluent particulate monitoring can be achieved with individual filter 


effluent turbidimeters. These will be included as part of the immediate 
rehabilitation works. 
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SECTION F 
PLANT PERFORMANCE (DISINFECTION) 


F.1 Disinfection 


At the Belleville Water Treatment Plant, disinfection is carried out by 
pre-chlorination at a point between the microstrainers and the flocculation 
tanks. Fluoride and alum are also added at this point. 


Sufficient chlorine is added to maintain total residuals of 2.4 mg/L (2.0 mg/L 
free chlorine) in summer and 2.0 mg/L (1.6 mg/L free chlorine) in winter. 
Post-chlorination is not practised at present. 


The amount of chlorine applied is sufficient to provide a total residual of 
approximately 1 mg/L leaving the Belleville plant. Data from Tables 3.0 - 3.1 
in Appendix A show that the average chlorine dose is 3.6 mg/L for 1983-86 and 
that the monthly average chlorine dosages ranges from 2.3 to 5.1 mg/L. 


F2 Disinfection Efficiency 


Tables 7.0 to 7.3 summarize the available raw and treated microbiological data 
for the Belleville Water Treatment Plant. The data show that the 
microbiological quality of the water leaving the plant is good. 


Data for fecal coliforms in treated water and fecal streptococcus in raw and 
treated water were not available. Fecal coliforms, as well as total coliforms, 
were found in the raw water at levels in excess of guidelines, indicating that 
disinfection is necessary. 


In our opinion, the chlorine feed system and operations policy for disinfection 
of the water are adequate. 
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F3 Chlorinated By-Products 


TRIHALOMETHANES 


Trihalomethanes (THM's) are the most widely occurring organics found in drinking 
water, and they also appear at the highest concentrations. The principal source 
of THM's in drinking water is the chemical interaction of chlorine added for 
disinfection, with humic and fulvic substances that occur naturally in the raw 
water. There is some evidence that THM's are carcinogenic. The Ontario 
Drinking Water Objectives for THM's is 350 ug/L. 


Based on the limited data available on THM's (see Table F.1) for the Belleville 
Water Treatment Plant, the levels of THM's found in treated water are under the 
Ontario Drinking Water Objectives of 350 ug/L (0.35 mg/L). Total THM values 
were determined by the direct aqueous injection method, which, for the treated 
water, ranged from 107 to 213 ug/L, with an average value of 170 ug/L. 


A potential approach to lowering THM levels could be to reduce pre-chlorine 
dosages by about 1 mg/L and post-chlorinate using a 1 mg/L dosage. Essentially, 
this results in a delay of application of 1 mg/L of chlorine. Before this is 
adopted, it would have to be confirmed by testing. 


TOTAL ORGANIC HALIDES 


The terms of reference require that consideration be given to the reduction of 
chlorinated by-products in the treated water. There was no complete set of 
information on the total concentrations of all organohalogen compounds. 


It is our opinion that a broader measurement of chlorinated by-products should 
be considered and possibly a surrogate measurement should be utilized. Although 
there is not general agreement in the field which surrogate measurement should 
be used, the measurement should report the sum total of all the organic halogen 
compounds. 
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TABLE F.1 
Trihalomethane Data for Belleville WTP 
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TABLE F.1 (cont'd.) 
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SECTION G 


SHORT AND LONG-TERM MODIFICATIONS 
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SECTION G 
SHORT AND LONG-TERM MODIFICATIONS 


G.1 Description 
(a) General 


Since March 1987, Belleville has been participating in the Drinking Water 
Surveillance Program. The Ministry recommends that Belleville continue their 
involvement in this program. 


This section includes feasible short and long-term process modifications 
required to approach optimum disinfection and particulate removal. Ite. Ie 
important to note that the Belleville U.C. is in the process of identifying 
areas of concern and planning the appropriate action. 


The November 1986 "Belleville Water Purification Planning Study" by Gore & 
Storrie Limited, identified the following areas of concern: 


° Equipment in serious need of replacement, including: 
- most valves throughout the plant 
- most valve operators 
- travelling water screen 
- chlorinators 
- instrumentation 
- control systems 
- heating system 


° Insufficient capacity in microstrainers - bypassed 
when rates exceed 22.7 ML/d 


* Crowded chemical storage facilities 

* Deterioration of concrete in various areas 

° Inadequate laboratory/office/staff facilities 
* High noise levels 

. Corrosion of equipment and piping 


© Deterioration in the buildings 


Most of the concerns are a result of deterioration due to age and the result of 
postponing capital improvements. 
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(a) General (cont'd) 


\ 


The following short and long-term recommendations were provided, discussed, 
reviewed, and agreed upon at the plant site meeting. 


We have assigned costs for each of the recommended works. Clearly, these costs 
may be reduced if the Utility Commission carries out the work. 


G.2 Raw Water Flow Metering 


The raw water flow metering is reported to be fairly accurate, and is calibrated 
each month by the plant staff. 


It is recommended that a detailed service evaluation be conducted to establish 
the life of this unit. 


This item could be conducted as soon as possible. The cost for this is 
minimal. 


G.3 Streaming Current Monitor (SCM) 


Accurate and timely adjustments to the coagulant feed rates are vital to achieve 
optimum particulate removal. The present time lag between the alum feed 
adjustment and the results at the filter inlet is several hours. The purpose of 
the SCM is to permit a response to changing raw water conditions in a few 
minutes. 


It is recommended that a SCM be installed on a trial basis, and, if the merits 
of a SCM are demonstrated, that a SCM be purchased and installed permanently. 


The installation of the SCM should be within the next year. The cost is $10,000 
to $20,000, depending on the associated equipment. 
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G.4 Coagulant Aids 


Laboratory testing by Gore & Storrie Limited on the Belleville raw water 
demonstrated that the use of a polyelectrolyte was required to ensure the lowest 
possible filtered water turbidity. 


It is recommended that a laboratory study be carried out to pre-screen the 
various polyelectrolytes available for use as coagulant aids. Plant staff have 
investigated the use of activated silica, and have found it to be quite 
successful. 


A plant-scale pilot program should be conducted for various seasons of the year 
using the preferred polyelectrolytes as coagulant aids. 


The laboratory study can be conducted immediately. The plant-scale pilot 
program should be delayed until the SCM is installed. 


The cost for equipment to carry out this test work is $30,000, and the cost of 
the chemical is $5,000 to $10,000 for a one-year test. 


G.5 Flow Pattern in Flocculation Tanks 


The flocculation tanks at the Belleville Water Treatment Plant are over and 
under hydraulic tanks. The water enters the bottom of the first cell, the top 
of the second cell, the bottom of the third cell, etc. Test work at other 
facilities has shown improved performance when all cells have bottom entries. 


It is recommended that a trial evaluation be conducted by converting one group 
of flocculation cells to "bottom" entry. Should this testing be successful, it 
is recommended that all cells be converted to "bottom" entry. This conversion 
can be done by using corner baffles. 


The trial conversion should be conducted at the same time as the repair work in 


the flocculation tanks. The cost to modify one set of cells is approximately 
$15,000. 
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G.6 Isolation of Floc Tanks 


Since the level of mixing in the flocculation tanks is proportional to the flow 
rate, there may be some benefit obtained by shutting off groups of flocculation 
tanks. The isolation of flocculation tanks also isolates the associated 
settling tanks. There is concern over freezing occurring in the isolated tanks. 
Throttling is an alternative which would maintain low flows through the tanks 
and solve the problem of icing. 


It is recommended that the operation of the flocculation tanks at various flow 
rates be compared. 


This plant-scale work should be carried out during periods when the overall 
plant flows are lower. The cost of this recommendation is minimal. 


G.7 Filter Backwashing 


The normal backwashing procedure at the Belleville plant consists of closing the 
influent and effluent valves and operating the surface agitators for 5 to 6 
minutes. The water from the washwater tank then backwashes the filter for 5 to 
7 minutes. 


The immediate rehabilitation works for the plant includes some modifications to 
the filters. If not already part of the planned works, it is recommended that 
the backwash procedure be examined and optimized. 

The cost of this work is approximately $5,000 to $10,000. 

G.8 Filter Media Characteristics 

The characteristics of filter media can change with time. Media can be lost 
during backwashing and, in some instances, media can escape through support 


systems and end up in the clearwell. The anthracite media actually breaks up by 
mechanical abrasion over a period of time. 
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G.8 Filter Media Characteristics (cont'd) 


It is recommended that sieve analysis and grain size characterization be carried 
out immediately on each filter, and this should be repeated once every five 
years, and the results recorded. The distance from the filter walkway to the 
top of the media for each filter should be measured and recorded once every 
year. This measurement should be carried out at four locations in each filter 
immediately after placing the filter back on line following a backwash. 


These records become an early warning of media problems. 


G9 Treated Water Metering 


There are three treated water flow meters. 


It is recommended that the transmitters and recorders for the two smaller meters 
be replaced with new instruments having solid state electronics. 


This recommendation should be implemented immediately. The cost is 
approximately $15,000 for the instruments, and $2,000 for installation. This 
has been contemplated as part of the immediate rehabilitation works for the 
plant. 


G.10 Trihalomethane Formation 


The total trihalomethane (TTHM) values during the 1984 to 1986 period ranged 
from 107 to 213 ug/L, with an average value of 170 ug/L. Although these values 
are below the guideline of 350 ug/L, the TTHM level should be reduced if 
possible. In theory, the level of THMs could be lowered by delaying 
chlorination to after settling; however, due to the high dissolved organics in 
the Belleville raw water, this approach may have limited success. 


It is recommended that a study be conducted to evaluate the possible methods of 
THM reduction. The feasibility if implementing THM reduction methods, such as 
delaying or partially delaying chlorination within the process until some of the 


THM precursors are removed, should be assessed. 


This study could be started immediately and would cost $35,000 to $50,000. 
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G.11 Chlorinated By-Products 


It is Gore & Storrie's opinion that a broader measurement of chlorinated 
by-products should be considered. Although there is not general agreement in 
the field which surrogate measurement should be used, the measurement should 
report the sum total of all the organic halogen compounds. 


It is recommended that the Province of Ontario develop a surrogate for 
measurement of chlorinated by-products. 


Gal2 Fluoride Application 


From the fluoride dosages and residuals recorded in Tables 4.1 and 4.2, Appendix 
A, it appears that there may be some fluoride demand. 


It is recommended that controlled testing be conducted to determine if the 
present method of adding alum and fluoride together is responsible for the 
fluoride consumption. If the alum is consuming fluoride, consideration should 
be given to moving the fluoride injection point in the proposed facilities. 


The testing can be conducted immediately, and if required, a new fluoride 
injection point can be incorporated into the new facilities. The cost of the 
testing would be $5,000 to $10,000. 


G.13 Record of Information 


The nature, frequency, and arrangement of information recorded about plant 
operations is vital to the operation and management of a water treatment plant. 


A particularly useful set of operating data is the Turbidity Profile through the 
plant. These records indicate the effects of changing conditions on specific 
operations through the process. It is recommended that raw, settled, and 
filtered water turbidities be recorded at least once every four hours. 


-58- 


G.13 Record of Information (cont'd) 
The Plant's record of information should also include the following: 


- Process and piping diagram (PAPD) 

- Filter media characteristics 

- Drawings 

- Any data to be used in the future for operation of the 
Plant or design purposes. 
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Coagulant dosages are verified by day 


Turbidity, pH and temperature are done daily in the Belleville WIP lab. 


tank level readings. 
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APPENDIX B 
GRAPHICAL TURBIDITY DATA 
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APPENDIX C 
JAR TESTING 





BELLEVILLE WTP 


Jar Test Procedure 


The MSTS test procedure which was used for all 
testing carried out on Belleville raw water was as 
follows: 


alive 200 ml sample. 


De Two minutes fast mix. 
3 Thirty minutes flocculation mixing. 
4. Thirty minutes settling time. 


Ge Filtration, through pre-filter, followed. by.1.2 
um filter. 


The MSTS test procedure is a technique developed by 
Gore & Storrie Limited which has been shown to 
provide overall results Similar ‘to full scale 
conventional plant operations consisting of 
coagulation, flocculation, sedimentation and dual 
media filtration. 


Gore & Storrie Limited Page 1 of 1 
LABORATORY RESULTS SHEET 


DATE PROJECT DESCRIPTION JOB NO. 
380.62 


Belleville WTP 


| 
aisé 
18 Sept/86 | MOE Water Plant Optimization Study - 
| 
| 


SAMPLE NO. & DESCRIPTION 
Belleville Raw Water: 
No. 1 - Typical raw water sample 


No. 2 - High turbidity raw water sample 


| SAMPLE | SAMPLE | SAMPLE | SAMPLE 


PARAMETERS | Now A | NO. 2 | NO. | NO. 
pH | 7.8 | 7.6 | | 
CT nr = D NE AR © | 
ae ‘1 10 i ce cr (Noa a | 
a ne, os 4 00 = | 
a de ae a ee a | 
Re ne co pe CHER MALE TS | 
eee ce oe 0.08 | es | vo “a | 


COMMENTS 


CONDUCTED BY | REVIEWED BY 
| 


Gore & Storrie Limited TEST NO. 1 
WATER TREATABILITY RESULTS SHEET 


AT |PROJECT DESCRIPTION |JOB NO. 
| | 

18 Sept/86|MOE Water Plant Optimization Study - 1380.62 

|Belleville WTP | 

| | 


O 


TEST DESCRIPTION 


| CHEMICAL | | 
| DOSAGES | | (1) 
JAR| (mg/L) | FLOC | WATER QUALITY AFTER TREATMENT 
NO. | | RATING | 
| | | Turb. Colour |, Alb. .;Hard. 
| 


| Alum | pH | (NTU) | (TCU) | (mg/L) | (mg/L) | 


| | 
| | 
| | 
| | 
| | 
| | 
| | 
ÎT | 
| | 
|Removal of Turbidity with Alum - Raw Water Sample No. 1 | 
| | 
| | 
| | 
| | 
| | 
|N | 
| | 
| | 
| | 
| | 


CONDUCTED BY |REVIEWED BY 
| 


a | 20 | 3 RSS) ORR AAS | <5 | 90 eS 

|---|------ |------ | ------ | ----|-----|------ |------ | ------ |------ | 
F2] 25 | | 3 61027151 <5 | 84 rate | | 
| ---|------ |------ | ------ | ----|----- | ------ |------ |------ | ------ | 
LES 30 | | 2 a6 OeZ/S08l <5 Gil 82 [bra | | 
| ---|------ | ------ | ------ | ----|-----|------ | ------ |------ |------ | 
Peart 35.~ )| ee” ered" 1012-250) (559 ips “BOs || AE = 4 | 
|---|------ | ------ |------ |----|----- |------ |------ |------ |------ 

ark 20 © |) 32 PSS OT DIESEL yi | 
|---|------ |------ |------ | ----|-----|------ | ------ | ------ |------ | 
kana SS 50 | | 1 ISO 200! <5 | 76 PORTE | | 
|---|------ |------ | ------ |----|----- |------ | ------ |------ |------ | 
Pur | | | | | | | | | 
| | | | | | | | | | ! 

) i a Ti a | | 2 | en 1 

|RAW, UNTREATED ASSIS OM 20° | OQ a ae. A] | 
| | | | | | | 
|SAMPLE TEMPERATURE Start: 10.°¢ Finish: 18°C] 
| | 
| | 
| COMMENTS | 
| | 
|Floc Rating 1 - very good | 
| 2 - good | 
| 3 - poor | 
| 4 - very poor | 
| 5 - no floc | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 


Gore & Storrie Limited MEST NO: 2 


WATER TREATABILITY RESULTS SHEET 


DAT |PROJECT DESCRIPTION |JOB NO. 
| 

25 Oct/86 |MOE Water Plant Optimization Study - [380.62 
|Belleville WTP | 
| | 

TEST DESCRIPTION 


| | 
| | 
lie | 
| | 
| | 
| | 
| | 
|Removal of Turbidity with Alum and Magnifloc 834A Polymer - | 
his Water Sample No. 1 | 

| 
| | 
| | 
| | 
[J | 
|N | 
| | 
| | 
| | 
| | 


CONDUCTED BY |REVIEWED BY 
| 


| CHEMICAL | | 
| DOSAGES | | (1) 
aa (mg/L) IRFÉOEN WATER QUALITY AFTER TREATMENT 

=| | RATING | 

| | | Turb.]|Colourl Alk. lHard. 

| Alum | 834A | | pH |(NTU)|(TCU) | (mg/L) | (mg/L) | 
| | 0 | 0 | P7s6O)10)..33 | 5-10 | | | 

---|------|------ | ------ | ----|-----|------ |------ |------ | ------ | 
ls 5 IPN ME GOO: <27. (| Soutlie 642 y (Ses wl | 
| ---|------ |--==-- |------ |----|----- [SSS |------ |------ | ------ | 
RE SE HN CEE ae TRE 12286110.24 || LANTA 90 TG. Bl | 
| ---|------ |------ |------ | ----|----- [= | ------|------ |------ | 
| ay | Be bl Olesan 3 18.0510.24 | Sal 292 NES EST | 
| ---|------ |------ | ------ | ----|----- | ------ |------ |------ |------ | 
| ey] TO SH 0) | 2 L790 NOe22 7 |) 5—O| 91 L IS. el | 
| ---|------ |------ | ------ | ----|----- |------ |------ | ------ |------ | 
| 6 | TOR tlre | al 17.9010.24 | 5. 25.30 | 115 | | 
|---| ------ |------ | ------ |----|----- |------ |------ | ------ |------ | 
7e TOG 03, al iL lF7589h0:24 (1 5 bh 096 lee | | 
| | | | | | | | | | | 
=f yeh pei we Teak a ol 0 PO EE 

|RAW, UNTREATED | RES 0 at 720). ChATO 2 ets: QI | 
| | | | | | | | 
| SAMPLE TEMPERATURE Start: Je Finish: 18°€| 
| | 
| | 
| COMMENTS | 
| | 
|Floc Rating: 1 - very good | 
| 2 - good | 
| 3 - poor | 
| 4 - very poor | 
| 5 - no floc | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 


Gore & Storrie Limited TEST eNO) 3 
WATER TREATABILITY RESULTS SHEET 


DAT | PROJECT DESCRIPTION |JOB NO. 
| 
2 Sept/86|MOE Water Plant Optimization Study - 1380.62 
Belleville WTP 
| | 
TEST DESCRIPTION 


| | 
|D | 
| | 
|2 | 
| | 
| | 
| | 
| | 
[Removal of Turbidity with Alum and Magnifloc 834A Polymer - | 
|Raw Water Sample No. 1 | 
| | 
| | 
| | 
| | 
| | 
|N | 
| | 
| | 
| | 
| | 


| CHEMICAL | | 
| DOSAGES | | (1) 
JAR| (mg/L) IMELOC? | WATER QUALITY AFTER TREATMENT 
NO. | | RATING| 
| | | | Turb.lColour]i Alk. |[Hard. 
| Alum | 834A | | pH |(NTU)|(TCU) | (mg/L) | (mg/L) | 
i, POR sl) (OR i V3 rs: O. i207 i S50 i) £84) I tae SI 
|---|------ |------ |------ | ----|----- |------ |------ | ------ | ------ | 
2a alo; à (| 1083: i) WS eA rOVon2ior il, s<SA i Est At “sn | | 
|---|------ |------ |------ | ----|----- |------ |------ |------ |------ | 
Path Bo (lt ORS Alt 08 LTS stORi2ar ill “<S%) i 90. i) Misr || | 
|---|------ | ------ | ------ | ----|----- | ------ |------ |------ |------ | 
een) “ENS? ih MOR Di) 2 IEEE. <5 il £86 i wae, || | 
|---|------ | ------ |------ |----|----- | ------ |------ |------ | ------ | 
{5 4 15 | OF, 3! AI alt SSSR el] <5). 087 | 116 | | 
|---|------ |------ |------ | ----|----- | ------ | ------|------ |------ 
LG | To | ORS 4 2 72310275! 51.86 PAIE I | 
|---|------ | ------ |------ | ----|----- |------ |------ |------ |------ | 
eae | | | | | | | | | 
| | | | | | | | | | : 
tt. Gy heats | nee CC CT nn mes Sees 
|RAW, UNTREATED AS) AVA, 10. Fill 220; | LOPAmMIENELEN | | 
| | | | | | | | 
|SAMPLE TEMPERATURE Start: TUE Finish: Hee) 
| | 
| | 
| COMMENTS | 
| | 
|Floc Rating: 1 - very good | 
| 2 - good | 
| 3 - poor | 
| 4 - very poor | 
| 5 - no floc | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 


CONDUCTED BY |REVIEWED BY 
| 


Gore & Storrie Limited TEST NO. 4 
WATER TREATABILITY RESULTS SHEET 


DATE | PROJECT DESCRIPTION |JOB NO. 
| | 

29 Sept/86|MOE Water Plant Optimization Study - 1380.62 
|Belleville WTP | 
| | 





TEST DESCRIPTION 


| 

| 

| 

| 

| 

| 

| 

|Removal of Turbidity with Alum and Magnifloc 900N Polymer - 
|Raw Water Sample No. 1 
| 
| 
| 
| 
IJ 
IN 
| 
| 
| 
| 











| CHEMICAL | | 
| DOSAGES | | (1) 
a (mg/L) | FLOC | WATER QUALITY AFTER TREATMENT 
sil | RATING] 
| | | Turb./[Colour!] Alk. /|Hard. 
| Alum | 900N | | pH | (NTU) | (TCU) | (mg/L) | (mg/L) | 
LUN SOP a DÉTAILS 75210 275! S10. || 1:84 i aaa) | 
| ---|------ |------ | ------|---- |----- | ------ | ------ | ------ | ------ 
Ped a ADEME Fs Fee mio.2501 5-10 i 86: (EMI | 
| ---|------ |------ |------ | ----|----- | ------ | ------ |------ |------ | 
Pes 10 | O25 || 3 Pyeeel ol. 257 || SALON 85 [1612 | | 
| ---|------ |------ | ------|---- |----- |------ | ------ | ------ |------ | 
(ea. Sod ee. eB 7660200 || 5.) || 490° i) aise Tt | 
| ---|------ |------ |------ |----|----- |----=- | ------ | ------ |------ | 
[Sal ote ii “Ces 2 GeO. 22) || 5? i ess. 4 ae | 
|---|------ |------ | ------ | ----|----- |------ | ------ | ------ | ------ | 
PE He ets Al NOS Al 92 ae Il 5 fl #87: «tae Al | 
| ---|------ |------ | ------ |----|----- | ------ |------ | ------ |------ | 
Perl | | | | | | | | | 
| | | | | | | | | | | 
RU RS eee Ge °° US COS NS 
|RAW, UNTREATED [7482 0.6 i ° 20) ATOME] | 
| | | | | | | | 
|SAMPLE TEMPERATURE Start: Lose Finish: 18°C 
| | 
| | 
| COMMENTS | 
| | 
|Floc Rating: 1 - very good | 
| 2 - good | 
| 3 - poor | 
| 4 - very poor | 
| Sr —' no floc | 
| 
| 
| 
| 
| 
| 
| 
| 


|CONDUCTED BY |REVIEWED BY 
| | 





Gore & Storrie Limited TEST NO. 5 
WATER TREATABILITY RESULTS SHEET 


DATE |PROJECT DESCRIPTION |JOB NO. 
| | 

29 Sept/86|MOE Water Plant Optimization Study - |380.62 
[Belleville WTP | 
| | 


TEST DESCRIPTION 


| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
|Removal of Turbidity with Alum and Magnifloc 587C Polymer - | 
|Raw Water Sample No. 1 | 
| | 
| | 
| | 
| | 
lJ | 
|N | 
| | 
| | 
| | 
| | 


CONDUCTED BY |REVIEWED BY 
| 


| CHEMICAL | | 
| DOSAGES | | (1) 
a (mg/L) | FLOC | WATER QUALITY AFTER TREATMENT 

= | RATING | 

| | | Turbelicoloun| Ak. vlHand. 

easton.) 25.8)7C. | | pH I(NTU)|(TCU) | (mg/L) | (mg/L) | 

eee Oe AIT Os: Al > 92 010 34 1 Soo = 90) ol ANG =| 
|---|------ |------ |------ |----|----- |------ |------ | ------ |------ | 
24 | 10 | Deck | 2 Re LION SNS TONI 92 as: | | 
|---|------ |------ | ------ | ----|----- |------ |------ |------ |------ | 
ees | 10 | 0.5 | 2 6710334105 T0 94 [ma | | 
|---|------ |------ |------ |----|----- | ------ |------ |------ |------ | 
INA 15 | Ole 5 2 RAS 0.35.41 5 89 | ahaa: | | 
lee |====-- |------ |----|----- |------ |------ | ------ |------ | 
SN aS | Osi al 2 Pres 10325) 9 5 | 90 fe aka | | 
|---|------ |------ |------ | ----|----- | ------ |------ |------ |------ | 
EH IS] OS AI 2 PRAT 0.35: *| 5 | 93 |) aera: | | 
|---|------ |------ |------ |----|----- | ------ |------ |------ |------ | 
Wail | | | | | | | | | 
| | | | | | | | | | | 
eh me oa Tee at. Tey ni i. oo ep 

|RAW, UNTREATED Le 210 0] 207 | OI” Ae are? | | 
| | | | | | | | 
|SAMPLE TEMPERATURE Start: PSC Finish: 18°C | 
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| COMMENTS | 
| | 
|Floc Rating: 1 - very good | 
| 2 - good | 
| 3 - poor | 
| 4 - very poor | 
| 5 - no floc | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
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Gore & Storrie Limited TEST NO. 6 
WATER TREATABILITY RESULTS SHEET 


DAT | PROJECT DESCRIPTION |JOB NO. 
| | 

25 Oct/86 |MOE Water Plant Optimization Study - 1380.62 
|Belleville WTP | 
| | 


TEST DESCRIPTION 


| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
[Removal of Turbidity with Alum and Magnifloc 834A Polymer - | 
|Raw Water Sample No. 2 | 
| | 
| | 
| | 
| | 
| | 
|N | 
| | 
| | 
| | 
| | 


CONDUCTED BY |REVIEWED BY 
| 


| CHEMICAL | | 
| DOSAGES | | (Brig) 
JAR| (mg/L) LuELOC, || WATER QUALITY AFTER TREATMENT 
NO. | |RATING| 
| | | | Turb./Colour!] Alk. [Hard. 
| Alum | 834A | | pH |(NTU)|(TCU) | (mg/L) | (mg/L) | 
L, 1Me2l:0 AIO all sare | leeO 253) «Oe || | | 
| ---|------ | ------ | ------ | ----|----- |------ | ------ | ------ |------ | 
12) ele OR) Sls ES ler 460110: 16: 5210: vied 01? 1 en | 
|---|------ | ------ | ------ | ----|----- | ------ | ------ |------ |------ | 
eS! re CE | a0: 161] 5210 «| | | : 
| ---|------ | ------ | ------ | ----|----- | ------ |------ | ------ |------ 
|. LA 0820 | ee) Se eb | lO. 22] 580" oI | | | 
| ---|------ |------ | ------ | ----|----- | ------ |------ | ------ |------ 
SAM 20s ath OE SH. 32 | | 0.25] 5-10 | | | | 
|---|------ |------ | ------ | ----|----- | ------ | ------ | ------|------ | 
GARE ADN STA MOSS 4 2 | |, 0.24] 5-10 | | | | 
| ---|------ | ------ | ------ | ----|----- | ------ | ------ |------ |------ | 
| real | | | | | | | | | 
| | | | | | | | | | | 
ado aa | laa RL 
|RAW, UNTREATED | 2 5. als 250) “al | | | 
| | | | | | | | 
|SAMPLE TEMPERATURE Start: LAE Finish: ABT! 
| 
| | 
| COMMENTS | 
| 
|Floc Rating: 1 - very good | 
| 2 - good | 
| 3 - poor | 
| 4 - very poor | 
| 5 - no floc | 
| 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
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WATER PLANT OPTIMIZATION STUDY 
PLANT INVESTIGATION AND PROCESS EVALUATION STUDY 
TERMS OF REFERENCE 


om 


Purpose 


To review the present conditions and determine an optimum treatment strategy for 


contaminant removal at the plant, with emphasis on particulate materials and 
disinfection processes. 


Work Tasks 


i. 


Receive a package of available information on the plant from the MOE. 


Review the information provided and meet with the MOE staff to discuss the 
project. 


Document the quality and quantity of raw and treated waters. Along with 


Work Task 3, send a progress report to the Project Committee at the 
conclusion of this work. 


Define the present treatment processes and operating procedures. Along 


with Work Task 2, send a progress report to the Project Committee at the 
conclusion of this work. 


Assess methods of efficient particulate removal which would utilize the 
present major capital works of the plant. Evaluate the particulate removal 
efficiency and sensitivity of operation, assuming optimum performance of 
the plant. Along with Work Task 5, send a progress report to the 
Project Committee at the conclusion of this work. 


Assess methods which would improve, if necessary, the disinfection 
practices of the plant, keeping in mind a desire to minimize the production 
of chlorinated by-products in the treated water. Along with Work Task 4, 


send a progress report to the Project Committee at the conclusion of this 
work. 


Describe possible short and long-term process modifications to obtain 
optimum disinfection and contaminant removal, with emphasis on particulate 
removal and a desire to minimize the production of chlorinated by-products. 
Mest with the Project Committee at the conclusion of this work to review 
the resort information. 


Prepare 7 copies of the draft report and submit to the Project Committee. 


Review the Project Committee's comments and prepare 2§ copies of the 


inal 
renort. 


WATER PLANT OPTIMIZATION STUDY 
PLANT INVESTIGATION AND PROCESS EVALUATION STUDY 
TERMS OF REFERENCE - WORK TASK NO. 1 


mm 


1. RECEIVE A PACKAGE OF AVAILABLE INFORMATION ON THE PLANT FROM THE MOE. 
REVIEW THE INFORMATION PROVIDED AND MEET WITH THE MOE STAFF TO DISCUSS THE 
PROJECT. 


Elements of Work 


(a) Receive a package of available information from the MOE concerning the 
plant. 


(b) Review the information and otherwise prepare for a meeting to initiate work 


on the project, including preparation of a schedule of manpower and staff 
requirements. 


(c) Meet with the MOE to discuss the available data, the terms of reference, 
and the project staff and work schedule. 


WATER PLANT OPTIMIZATION STUDY 
PLANT INVESTIGATION AND PROCESS EVALUATION STUDY 
TERMS OF REFERENCE - WORK TASK NO. 2 


nn 


2. 


DOCUMENT THE QUALITY AND QUANTITY OF RAW AND TREATED WATERS. ALONG WITH 
WORK TASK 3, SEND A PROGRESS REPORT TO THE PROJECT COMMITTEE AT THE 
CONCLUSION OF THIS WORK. 


Elements of Work 


(a) 


(b) 


(c) 


(d) 


(e) 


(f) 


Tabulate the daily raw and treated water flows for the 


last three 
consecutive years. 


Document the methods of measuring the raw and treated water flow rates, and 
assess the validity of the records. 


Prepare a monthly summary of maximum, minimum, and average flows for the 


three years. Address any discrepancies which exist between raw and treated 
flow rates. 


Review and assess the monthly maximum, minimum, and average per capita flow 


for the three years. Compare the plant data with typical per capita flows 
for the local region. 


Document a summary, based on at least three years of data, of the raw and 
treated water quality testing data for physical, microbiological, 
radiological, and chemical water quality information. Document as much 
data as is needed to show possible seasonal trends in water quality. Where 
possible, show corresponding sets of raw and treated water quality 
information. Document the source and methods used in determining all water 
quality information. Assess the validity of the data, comparing plant and 
outside laboratory data. 


Tabulate, for the last three consecutive years, where available, raw and 
treated water turbidity, residual aluminum, pH, and colour. Record other 
data, such as particle counting, suspendea solids, and algae counting, 
which could rerlect on particulate removal efficiency. These data should 
be used for assessment of the particulate removal efficiency of the plant. 
Document the source and methods used in determining all information. A 
comparison should be made between the plant and outside laboratory 
information to ascartain the relative validity of the data. For plant 
data, empnasis should be given to plant laboratory tests rather than 
continuous process control instruments. 


Tabulate, for the last three consecutive years, the raw water bacteria} 
test information at the plant. Also tabulate the corresponding treated 
water tests at the plant wnicn register positive results. Document the 
sourc2 and methcds used for all data provided. This information should be 


used to assess the effectiveness of the disinfection practices at the 
plant. 


WORK TASK NO. 2 (cont’d.) 


ES 


(h) Identify and recommend other water quality concerns, not related to 
particulate removal or disinfection, which should be considered as part of 
the assessment phase of this evaluation program. À 


(1) Submit a progress report to the Project Committee. 


WATER PLANT OPTIMIZATION STUDY 
PLANT INVESTIGATION AND PROCESS EVALUATION STUDY 
TERMS OF REFERENCE - WORK TASK NO. 3 


oo 


ce 


DEFINE THE PRESENT TREATMENT PROCESSES AND OPERATING PROCEDURES. ALONG 
WITH WORK TASK 2, SEND A PROGRESS REPORT TO THE PROJECT COMMITTEE AT THE 
CONCLUSIONS OF THIS WORK. 


Elements of Work 


(a) 


(b) 
(c) 


(d) 


(e) 


(f) 


(g) 


(h) 


Where drawings are available, assemble sufficient record drawings, of a 
reduced size, to document the general site layout and the interrelationship 
of major plant components. If not already available, prepare a process and 
piping diagram (PAPD) of the plant operations. 


Prepare a simplified block schematic of the major plant components. 


Prepare a photographic record of the plant facilities, illustrating all of 
the major plant components and chemical feed systems. 


Tabulate the design parameters for all of the major plant components, with 
emphasis on the process operations, including chemical feeds. This 
information, as a minimum, must be consistent with the DWSP Questionnaire 
and must be confirmed and verified by field observations. 


Prepare a brief summary of how the plant is operated, including chemical 
dosage control, such as jar testing information, filter backwashing 
procedures and initiation, and pumping and flow control. 


Document and assess any reported problems in plant operations and/or in the 
distribution system related to water quality. 


Tabulate the daily average chemical dosages for the last three consecutive 
years. Document the methods used to evaluate chemical dosages and 
establish the validity of the dosage information provided. 


With regard to disinfection, tabulate the dosages of chlorine and 
disinfection-related chemicals such as chlorine dioxide. In addition, 
provide corresponding data on disinfectant residuals in the plant, such as 
free and total chlorine residuals. Also, provide chlorine demand tests 
where available. Again, document the methods of dosage evaluation and 
residual measurements, and establish the validity of the data provided. 


Submit a progress report to the Project Committee. 


WATER PLANT OPTIMIZATION STUDY 
PLANT INVESTIGATION AND PROCESS EVALUATION STUDY 
TERMS OF REFERENCE - WORK TASK NO. 4 


0 


4. ASSESS METHODS OF EFFICIENT PARTICULATE REMOVAL WHICH WOULD UTILIZE THE 
PRESENT MAJOR CAPITAL WORKS OF THE PLANT. EVALUATE THE PARTICULATE REMOVAL | 
EFFICIENCY AND SENSITIVITY OF OPERATION, ASSUMING OPTIMUM PERFORMANCE OF 
THE PLANT. ALONG WITH WORK TASK 5, SEND A PROGRESS REPORT TO THE 
PROJECT COMMITTEE AT THE CONCLUSION OF THIS WORK. 


Elements of Work 


(a) Using information provided in Work Tasks 1 and 2, evaluate the plant's 
particulate removal efficiency. The basis of minimum particulate removal 
should be 1.0 FTU, which is the maximum acceptable concentration of the 
Ontario Drinking Water Objectives (Table 1, page 2, Ontario Ministry of the 
Environment, Revised 1983). It should, however, be recognized that it is 
desirable to strive for an operational level which is as low a turbidity 
level as is achievable. 


(b) Conduct an evaiuation of possible optimum performance alternatives, 
including jar testing of plant water samples. 


(c) Evaluate the feasibility of optimum removals using the existing plant 
capital works. This evaluation should consider the worst case water 
quality conditions, even though field testing data may not be available 
during the initial phase of the study (see Work Task 7). 


(d) Describe the operational procedures, management strategies, and equipment 
required for various feasible alternatives. Estimate chemical dosages, 


level of operational expertise, and sensitivity of operation of the 
alternatives. 


(e) Report to the Project Committee. 


WATER PLANT OPTIMIZATION STUDY 
PLANT INVESTIGATION AND PROCESS EVALUATION STUDY 
TERMS OF REFERENCE - WORK TASK NO. & 


> 


ce 


ASSESS METHODS WHICH WOULD IMPROVE, IF WECESSARY, THE DISINFECTION 
PRACTICES OF THE PLANT, KEEPING IN MIND A DESIRE TO MINIMIZE THE PRODUCTION 
OF CHLORINATED BY-PRODUCTS IN THE TREATED WATER. ALONG WITH WORK TASK 4, 


SEND A PROGRESS REPORT TO THE PROJECT COMMITTEE AT THE CONCLUSION OF THIS 
WORK e 


Elements of Work 


(a) 


(b) 


(c) 


(d) 


Using the information provided in Work Tasks 1 and 2, evaluate the plant's 
ability to disinfect the water. The basis of minimum disinfection should 
be to ensure a water quality as described in the Ontario Drinking Water 
Objectives (Ontario Ministry of the Environment, Revised 1983). 


Conduct an evaluation of possible optimum disinfection procedures for the 
plant, with consideration also given to the reduction of chlorinated 
by-products in the treated water. 


Evaluate the feasibility of the various alternatives using the existing 
plant capital works. Estimate the initial and final levels of chlorinated 
by-products for the various alternatives. Assess the relative merits of 
the alternatives. 


Describe the operational procedures, management strategies, and equipment 
required for the feasible alternatives. Estimate chemical dosages, level 


of operational expertise, and sensitivity of operation for the 
alternatives. 


Report to the Project Committee. 


WATER PLANT OPTIMIZATION STUDY 
PLANT INVESTIGATION AND PROCESS EVALUATION STUDY 
TERMS OF REFERENCE - WORK TASK NO. 6 


RE ne 


6. DESCRIBE POSSIBLE SHORT AND LONG-TERM PROCESS MODIFICATIONS TO OBTAIN 
OPTIMUM DISINFECTION AND CONTAMINANT REMOVAL, WITH EMPHASIS ON PARTICULATE 
REMOVAL AND A DESIRE TO MINIMIZE THE PRODUCTION OF CHLORINATED BY-PRODUCTS. 
MEET WITH THE PROJECT COMMITTEE AT THE CONCLUSION OF THIS WORK TO REVIEW | 
THE REPORT INFORMATION. 


Elements of Work 


(a) It 4s not the purpose of this study to provide a detailed implementation 
scheme for plant rehabilitation. It is, however, necessary to scope the 
feasible short and long-term process modifications required to achieve 
optimum disinfection and contaminant removals. 


Prepare a list of modifications which should be considered for detailed 
implementation evaluation. Provide an estimated cost for each of the 
proposed modifications. 

(b) Prepare a schedule for the list of modifications. 


(c) Meet with the Project Committee at the plant site to review the proposed 
modifications. 


WATER PLANT OPTIMIZATION STUDY 
PLANT INVESTIGATION AND PROCESS EVALUATION STUDY 
TERMS OF REFERENCE - WORK TASK NO. 7 





7. 


PREPARE 7 COPIES OF THE DRAFT REPORT AND SUBMIT TO THE PROJECT COMMITTEE. 


Elements of Work 


(a) The report must include all the information reported previously in the 


(b) 
(c) 


study. The information must be organized and presented in a logical and 
co-ordinated fashion. 


A general table of contents will be provided for organizing the material in 
a manner consistent with other plant reports. 


Submit the draft report to the Project Committee for review. 


Prepare a separate letter report containing a recommendation(s) concerning 
the need for additional field testing to cover water quality conditions not 
available during the period of this study. The Project Committee may 
decide to delay completion of the final report until field data can be 


obtained to confirm the predictions of performance for the worst case water 
conditions. 


WATER PLANT OPTIMIZATION STUDY 
PLANT INVESTIGATION AND PROCESS EVALUATION STUDY 
TERMS OF REFERENCE - WORK TASK NO. 8 


ELLE 


8. REVIEW THE PROJECT COMMITTEE'S COMMENTS AND PREPARE 25 COPIES OF THE FINAL 
REPORT. 


Elements of Work 


(a) Conduct additional field testing if required. Discuss the implications of 


the results with the Project Committee if the results differ from the 
predicted performance. 


(b) Amend the report as per review comments, incorporating additional field 
data if required. 


(c) Submit copies of the final reports to the MOE for distribution. 








